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Abstract: Sixty growing New Zealand White (NZW) male rabbits aged six weeks, weighed 750.0±5g were used in a feeding 
experiment lasted 9 weeks.  Rabbits were housed in controlled-climatic conditions at a mean ambient temperature 33.1°C and 
relative humidity 43% to keep rabbits under heat stress conditions.  The rabbits were randomly distributed to four equal groups 
(five replicates each).  The 1st group fed the control diet (R1), R2 group fed diet supplemented with 1% moringa leaves, R3 
group fed diet supplemented with 1% rosemary leaves, while R4 group fed diet supplemented with a mixture of moringa and 
rosemary leaves of 0.5% each.  Diets and water were provided ad-libitum over nine weeks.  The results revealed that live 
body weight, average daily gain and feed conversion ratio were significantly improved with R4 and R2 diets, while daily feed 
intake was not affected among groups.  Apparent digestibility of crude fiber and ether extract were increased (p≤0.05) with R2 
diet.  Nitrogen balance was positive for all groups, however improvement (p≤0.05) was detected with R2 than control. Carcass 
characteristics were not affected among experimental groups.  Hemo-lysatic catalase, glutathione peroxidase and super-oxide 
dismutase levels were increased (p≤0.01) with supplemented diets, while malondialdehyde was obviously decreased in the 
experimental groups compared with the control.  It could be concluded that, supplementing diets with 1% moringa dry leaves 
or mixture of moringa leaves and rosemary leaves by 0.5%+0.5% can be used to improve growth performance, nutrient 
digestibility and antioxidant status of rabbits reared under heat stress conditions. 
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1  Introduction 
Global warming and climate change have become 
major threats for animal production and sustainable 
livestock production (Gaughan et al., 2009). Rabbits have 
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few sweat glands, so eliminating the deleterious effects of 
heat stress becomes difficult to it which leads to poor 
productive performance. 
Biochemical and physiological changes associated 
with hyperthermia can potentially boost free radicals 
(reactive oxygen species) formation (Flanagan et al., 
1998; Mujahid et al., 2007). Reactive oxygen and 
nitrogen species (free radicals) are essential to 
detoxification, chemical signaling and immune function 
(Anas et al., 2010; Victor et al., 2004). They are 
continuously produced in the animal body and they are 
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under control by endogenous enzymes such as superoxide 
dismutase, glutathione peroxidase and catalase. When 
there is an over-production of these species, an exposure 
to external oxidant substances or a failure in the defense 
mechanisms, damage to valuable biomolecules (DNA, 
lipids, proteins) may occur (Aruoma, 1998), which leads 
to poor productive performance of animals. Antioxidants 
are molecules have the ability to neutralize free radicals, 
mainly by scavenging them and converting them to stable 
form, thereby preventing or slowing down the deleterious 
effect of these reactive species to the cellular components. 
The antioxidant hypothesis says that ‘as antioxidants can 
prevent oxidative damages, increased intakes from the 
diet will also reduce the risks of chronic diseases’ 
(Stanner et al., 2004). 
Several plant extracts and different classes of 
phytochemicals have been shown to have antioxidant 
activity (Zheng and Wang, 2001). The search for newer 
natural antioxidants, especially of plant origin, has ever 
since has increased. Moringa oleifera (The Miracle Tree) 
is the most widely cultivated species of the genus 
moringa. Moringa oleifera have the ability to prevent 
effectively, morphological changes and oxidative damage 
by enhancing the activities of antioxidant enzymes, 
reducing the intensity of lipid peroxidation and reducing 
the generation of free radicals (Sreelatha and Padma, 
2009). Moringa oleifera leaves have multiple 
antioxidants with high levels, such as phenolic acids 
(gallic, chlorogenic, ellagic and ferulic acid), 
glucosinolates and flavonoids (kaempferol, quercetin and 
rutin) (Mbikay 2012). Furthermore, moringa dry leaves 
have been reported to be a valuable source of â-carotene 
(precursor of vit. A) and vitamins (B-complex, C, D and 
K) (Dorga and Tandon, 1975). Moringa dry leaves have 
positive effects on hematological measurements of rabbits 
(Chinwe and Isitua, 2010). Recently, El-Badawi et al. 
(2014) reported that improvement in nutrients 
digestibility, dietary N utilization, growth performance 
and carcass dressing percentage have been recorded for 
growing rabbits fed diets supplemented with low levels of 
moringa dry leaves (0.15% and 0.30%). 
Rosemary (Rosmarinus officinalis) is an herbal plant 
having needle-like leaves and white, pink, purple, or blue 
flowers, native to the Mediterranean region. Through 
natural antioxidants, rosemary has been clearly accepted 
as one of the species with the highest antioxidant activity 
(Peng et al., 2005). The chemical analysis of rosemary 
showed that it has several types of antioxidants, including 
flavonoids such as carnosol, carnosic and rosmarinic acid, 
and volatile oils (Okamura et al., 1994; Angelini et al., 
2003). 
So, this study was conducted to investigate the effects 
of supplementing diets with moringa dry leaves, rosemary 
dry leaves or their mixture (as natural antioxidants 
sources) on productive performance, carcass 
characteristics and antioxidant enzymes of rabbits reared 
under heat stress conditions. 
2  Materials and Methods 
The present study was carried out at The Rabbits 
Breeding Farm and The Poultry Physiology Laboratory, 
Poultry Production Department, Faculty of Agriculture, 
Ain Shams University, Cairo, Egypt, and Animal 
Production Department Laboratory, National Research 
Centre, Giza, Egypt.  
2.1  Plant collection and preparation 
Moringa (Moringa oleifera) and rosemary 
(Rosmarinus officinalis) leaves were collected from a 
private commercial farm located in north of Egypt. The 
leaves of moringa and rosemary were harvested, air-dried 
under shade until the moisture of collected leaves reached 
almost 10%, then milled to be ready for the mixing with 
the other feed ingredients. 
2.2  Experimental diets and feeding 
Four batches of rabbits feed each of 100 kg were 
formulated. The control group fed on the basal diet, as 
stated in Table 1, without any supplement (R1), while 
moringa and rosemary dry leaves powders were added 
and thoroughly hand mixed with other feed ingredients at 
1% moringa leaves (R2 group), 1% rosemary leaves (R3 
group) and a mixture of moringa and rosemary leaves by 
0.5%+0.5% each (R4 group). Experimental rations were 
pelleted at 0.3 cm diameter and the maximum pelleting 
temperature was not more than 65°C. A feeding trial 
lasted 63 days was conducted on sixty male growing New 
Zealand White rabbits (NZW) aged six weeks with an 
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average body weight of 750.0±5 g. Rabbits were 
randomly distributed by weight in four equal groups. The 
feed was offered ad-libtum and water was freely choice 
during the experimental period. Experimental rabbits 
were weekly weighed and recorded. 
 
Table 1  Composition of the basal diet 
Ingredients % 
Alfalfa hay 32.00 
Soybean meal (44%) 21.00 
Yellow corn 16.00 
Barley 16.00 





NaCl (salt) 0.30 
DL-Methionine 0.20 
Mold Guard 0.10 
Anti-coccidian 0.10 
Total 100 
Note: * Each 3 kg contains: vit A 12000000 IU, vit D3 2500000 IU, vit E 10 g, 
vit K3 2 g, vit B1 1 g, vit B2 5 g, vit B6 1.5 g, vit B12 0.01 g, Niacin 30 g, Folic 1 
g, Biotin 0.05 g, Pantothenic acid 10 g, Copper 10 g, Iodine 1 g, Selenium 0.1 g, 
Iron 30 g, Manganese 60 g, Zinc 50 g, Cobalt 0.1g. 
 
2.3  Chemical analysis 
Chemical analysis of the basal diet, moringa dry 
leaves, rosemary dry leaves (Table 2) and slaughtered 
animals (Table 8) were determined for dry matter (DM), 
crude protein (CP), crude fiber (CF), ether extract (EE) 
and ash according to the standard methods of AOAC 
(2012). Nitrogen free extract (NFE) was calculated by 
difference. 
 
Table 2  Chemical composition of basal diet, moringa dry 
leaves and rosemary dry leaves 
Item Basal diet Moringa dry leaves Rosemary dry leaves
Moisture, % 9.04 7.92 7.69 
DM composition, %    
Organic matter (OM) 89.47 87.34 91.76 
Crude protein (CP) 16.81 19.52 4.10 
Crude fiber (CF) 8.42 7.23 18.97 
Ether extract (EE) 3.79 7.51 16.32 
Nitrogen free extract 
(NFE) 60.45 53.08 52.37 
Ash 10.53 12.66 8.24 
 
2.4  Total antioxidant determination 
Total antioxidant capacity (TAC) of the basal diet, 
moringa and rosemary dry leaves (Table 3) were 
determined by the method described by Koracevic el al. 
(2001). The extraction of antioxidants from the samples 
was performed by using 80% methanol at 35°C for 24 
hours as stated by Cai et al. (2004) and the ratio between 
sample and solvent was 1 g sample: 20 mL solvent. The 
calculated values of TAC for the four experimental 
rations were 0.396, 0.406, 0.407 and 0.407 mmol L-1 for 
R1, R2, R3 and R4 groups, respectively. 
 
Table 3  Total antioxidant capacity of basal diet, moringa 
leaves and rosemary leaves 
Item Basal diet Moringa leaves Rosemary leaves
Total antioxidant capacity, 
mmol/l 0.396 1.022 1.096 
 
2.5  Climatic management 
A semi-climatic concrete chamber of 3×3×2.5 m 
dimensions fitted with controlled speed suction fan, 
electrical heaters, thermometer and hygrometer were used 
to keep the ambient temperature at 33.1°C±0.5°C and 
relative humidity at 43%±3% for the whole experimental 
period (Table 4). 
 
Table 4  Average of temperature (°C), relative humidity (%) 
and temperature-humidity index (THI) through experimental 
period 
Period Temperature Relative humidity THI 
1st week 33.2 41 29.76 
2nd week 32.8 44 29.61 
3rd week 33.5 42 30.07 
4th week 32.8 46 29.72 
5th week 32.8 44 29.61 
6th week 33.4 42 29.98 
7th week 33.5 42 30.07 
8th week 32.7 44 29.52 
9th week 32.9 46 29.80 
Overall 33.1 43 29.80 
 
The relationship between temperature and relative 
humidity was termed temperature-humidity index (THI). 
This parameter indicates the presence of heat stress or not. 
THI had been modified by Marai et al. (2001) to be 
suitable for rabbits (as small animals) and was calculated 
as  
THI = db °C – [(0.31– 0.31RH)(db °C – 14.4)] 
where, db °C= dry bulb temperature in degrees Celsius 
and RH= relative humidity/100. 
The values obtained are then classified as follows: 
<27.8= absence of heat stress, 27.8–28.9= moderate heat 
stress, 28.9–30.0= severe heat stress and 30.0 and more= 
very severe heat stress. In the present study, overall 
averages of temperature, relative humidity and THI were 
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33.1°C, 43% and 29.80 respectively, indicated that the 
rabbits were reared under severe heat stress conditions. 
2.6  Growth performance 
The individual live body weight of rabbits was 
recorded at weekly intervals up to fifteen weeks of age. 
Also, the body weight gain (BWG) and feed intake were 
recorded at weekly intervals and the feed conversion ratio 
(FCR) was calculated as feed consumed per unit BWG. 
2.7  Digestibility trial 
At the end of the experimental period, three rabbits 
were randomly taken from each group to evaluate 
nutrients digestion coefficient and dietary nitrogen 
utilization. A preliminary period of four days (for 
adaptation) was followed by three days for fecal and 
urine collection. Feces of each rabbit were collected 
quantitatively once daily before feeding, and the daily 
feces of each rabbit were oven dried at 60°C overnight. 
Urine of each animal was daily collected and composite 
sample of 10% of the daily urine of each rabbit was kept 
in glass bottle until nitrogen determination. Total 
digestible nutrients (TDN) and digestible crude protein 
(DCP) were determined according to Cheeke et al. 
(1987). 
2.8  Carcass characteristics 
After termination of the feeding experiment, three 
representative rabbits were randomly taken from each 
group and fasted for 12 hrs. Rabbits were hand 
slaughtered, and the slaughtered animals were de-skinned, 
dressed out and the hot carcass including head was 
weighed and recorded. Edible offals (liver, heart, spleen 
and kidneys), non-edible offals [lungs & trachea, clean 
empty gastro-intestinal tract (G.I.T.) and testicles] and 
trimmings (fur, four legs, blood and G.I.T. contents) were 
separately weighed and recorded. The empty body weight 
was calculated by deducting the G.I.T. contents weight 
from fasting body weight. The boneless meat of each 
slaughtered rabbit was minced then dried at 60°C for 48 h. 
Dried minced meat was chemically analyzed according to 
AOAC (2012). 
2.9  Blood antioxidant enzymes 
Blood samples were taken at the end of the 
experimental period from animals at slaughtering time. 
Three samples per each treatment group were collected in 
heparinized tubes, centrifuged under cooling conditions. 
The hematocrit remaining after harvesting the plasma 
from the previous step was taken to assay catalase, 
glutathione peroxidase (GSH-Px), super-oxide dismutase 
(SOD) and malondialdehyde (MDA) using commercial 
kits purchased from (Bio-Med Diagnostics, Egypt. Co. 
for Biotechnology). The GSH-Px was determined 
according to the method described by Paglia and 
Valentine (1967). SOD was determined according to 
Nishikimi et al. (1972), while catalase was determined 
according to the method stated by Fossati et al. (1980). 
The determination of MDA levels was based on a 
colorimetric method as described by Ohkawa et al. 
(1979). 
2.10  Statistical analysis 
Collected data were subjected to one-way analysis of 
variance by using the General Linear Model Procedure 
(GLM) of the Statistical Analysis System (SAS, 1998). 
Differences among treatment means were detected by 
using Duncan’s multiple range test (Duncan, 1955). 
3  Results and discussion 
3.1  Growth Performance 
Average daily feed intake of rabbits fed experimental 
rations (Table 5) showed no significant differences 
among the experimental groups, while live body weight, 
average daily weight gain and feed conversion ratio were 
significantly improved for rabbits fed diets supplemented 
with the mixture of moringa and rosemary dry leaves by 
0.5%+0.5% of each (R4) compared with the control 
group (R1). Also, the R2 group showed a significant 
increase in the final body weight, but no effect on FCR, 
compared with the control. The present results are 
consistent with the findings of Hassan et al. (2016) who 
reported that addition of Moringa oleifera leaves meal up 
to 0.3% of broiler diets improved growth performance of 
broiler chickens reared under heat stress conditions. In 
the same trend, El-Badawi et al. (2014) reported that 
moringa supplemented diets had a positive effect on feed 
conversion ratio and average daily gain of rabbits fed 
0.15 and 0.30% moringa supplemented rations. Also, 
Banjo (2012) reported that inclusion of dietary moringa 
significantly (P<0.05) enhanced body weight gain of 
broiler chickens at 2% level of inclusion but did not affect 
feed intake or feed conversion ratio. 
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R1 R2 R3 R4 
MSE Significance
Initial body weight, g 755 752 755 754 6.36 NS 
Final body weight, g 1962c 2020b 1908c 2154a 27.91 * 
Average daily weight 
gain, g 19.2
bc 20.1b 18.3c 22.2a 0.52 * 
Average daily feed 
intake, g 71.1 73.2 68.7 69.7 4.48 NS 
Feed conversion ratio 3.71a 3.63a 3.75a 3.14b 0.19 * 
Note: a, b and c: Means in the same row having different superscripts are 
significantly different.  MSE=Mean of standard errors, NS= non-significant,   
* P≤0.05. R1=control; R2= 1% moringa; R3= 1% rosemary; R4= 0.5% moringa 
+ 0.5% rosemary. 
 
Concerning rosemary effect, the present results are in 
agreement with Erdelyi et al. (2008) who showed that 
rosemary oil supplementation to growing rabbit diets by 
level of 0.15% showed some beneficial, but not statically 
significant effects. On the contrast, Ghazalah and Ali 
(2008) reported that broiler chicks fed 0.5% rosemary 
leaves meal exhibited higher body weights, greater 
weight gain and better feed conversion compared with 
chicks fed 1% or 2% rosemary leaves meal. 
The response of rabbit’s body weight to rations 
supplemented with moringa or rosemary leaves was 
observed during the last four weeks of feeding period 
(Figure 1). Body weight development curve showed a 
clear positive effect of feeding R4 and R2, while there 
was a slight decrease (non-significant) in body weight 
with separate rosemary supplementation (R3) especially 
in the last three weeks of the feeding period. 
Improvement of live body weight occurred in rabbits 
fed moringa leaves separately or in combination with 
rosemary leaves in the present study might be due to the 
high antioxidant content of moringa leaves (1.022 mmol 
L-1 as mentioned previously), furthermore, high portion 
of these antioxidants is vitamins C and A (USDA, 2016) 
which act as powerful antioxidants and have the ability to 
eliminate the adverse effects of excess free radicals 
resulted from heat stress. While rosemary leaves also 
have antioxidant properties (1.096 mmol L-1), as it has 
high contents of flavonoids (Zeghad and Merghem, 2016), 
but it could not have the ability to compensate the 
negative effects of heat stress on rabbits’ growth 
performance when supplemented separately, indicating 
that flavonoids are low in antioxidant power compared 
with vitamins A and C. The most improvement of live 
body weight that observed in rabbits fed the mixture of 
moringa and rosemary leaves (R4 group) declared that 
there is a synergism effect between the two supplements 
at 0.5% level in the face of the negative effects of heat 
stress conditions. 
 
Figure 1  Live body weight development of rabbits in 
experimental groups 
 
3.2  Nutrient digestibility and nitrogen utilization 
Nutrients digestibility coefficients and nitrogen 
utilization of the rabbits as affected by feeding treatments 
are shown in Table 6. The incorporation of moringa 
leaves, rosemary leaves or their combination in rabbit 
diets resulted in non-significant differences in the 
digestibility coefficients of dry matter (DM), organic 
matter (OM), crude protein (CP) and nitrogen free extract 
(NFE), while there was an increase in crude fiber 
digestibility in the experimental groups compared with 
the control group. However, there was an improvement in 
ether extract digestibility in rabbits fed moringa or 
rosemary leaves separately compared with those fed the 
mixture of the two supplements. Furthermore, dietary 
nitrogen intake, digestible nitrogen and absolute nitrogen 
balance increased among experimental groups compared 
with the control, while non-significant (P>0.05) diet 
effects were observed for faecal nitrogen, urinary 
nitrogen and total nitrogen excretion among treatments. 
The results obtained are in disagreement with 
El-Badawi et al. (2014) who reported that OM and CP 
digestibility’s in rabbits were significantly higher in 
animals fed moringa supplemented rations, but the same 
study showed that moringa dry leaves has positive effects 
on digestible nitrogen and nitrogen balance. Similar 
studies stated the non-significant effect of supplementing 
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dietary Moringa oleifera leaf meal on nutrient 
digestibility, Nkukwana et al. (2014), as the results of the 
present study. Furthermore, essential oil from rosemary 
has been shown to improve apparent whole-tract and ileal 
digestibility in rabbits (Hernández et al., 2004), which has 
not been observed in the present study except for crude 
fiber digestibility. 
 
Table 6  Nutrients digestibility and nitrogen utilization of 
NZW rabbits in experimental groups 
Experimental groups 
Item 
R1 R2 R3 R4 
MSE Significance
Digestion coefficients, % 
Dry matter 62.92 64.49 63.61 66.60 1.48 NS 
Organic matter 64.03 67.27 64.53 66.01 3.13 NS 
Crude protein 73.09 74.73 70.49 74.59 2.39 NS 
Crude fiber 47.15b 52.66a 53.68a 53.26a 2.51 * 
Ether extract 56.49ab 63.10a 61.53a 51.91b 3.88 * 
Nitrogen free extract 65.88 69.79 68.70 68.41 3.95 NS 
Nutritive values, % 
Total digestible nutrients 59.65 63.66 61.29 63.87 2.60 NS 
Digestible crude protein 11.61a 11.67a 10.56b 11.87a 0.43 * 
Nitrogen utilization, g 
Nitrogen intake (NI) 2.41b 3.00a 2.82ab 2.57ab 0.25 * 
Fecal nitrogen 0.65 0.76 0.83 0.65 0.09 NS 
Digestible nitrogen 1.76b 2.25a 1.99ab 1.92ab 0.21 * 
Urinary nitrogen 0.23 0.20 0.24 0.22 0.03 NS 
Total nitrogen excretion 0.88 0.96 1.07 0.87 0.10 NS 
Nitrogen balance (NB) 1.53b 2.05a 1.75ab 1.70ab 0.21 * 
NB/NI, % 63.68 68.01 62.10 65.87 2.89 NS 
Note: a and b: Means in the same row having different superscripts are 
significantly different. MSE=Mean of standard errors, NS= non-significant,    
* P≤0.05. R1=control; R2= 1% moringa; R3= 1% rosemary; R4= 0.5% moringa 
+ 0.5% rosemary. 
 
As reported by Gidenne (2000), the rabbit has a low 
utilization of the fibrous fraction due to the rapid passage 
of feed through the gastrointestinal tract. Also, it is 
well-known that heat stress causes excess free radicals 
production, which in turn can increase the lipid oxidation 
and produce lipid peroxides (Andrea et al., 2004), which 
could damage the antioxidative capability of animals. The 
last impact could be terminated or delayed by dietary 
addition of natural antioxidants presented in moringa and 
rosemary leaves which explains the observed increment 
of crude fiber and ether extract digestibilities in the 
present study. Although the high absolute nitrogen 
balance (NI) observed in experimental groups, but the 
non-significant relative NI to nitrogen intake can 
illustrate this observation.  
The high nitrogen intake and digestibility values of 
moringa and rosemary treatments may be due to the low 
anti-nutritional compounds of Moringa oleifera along 
with their highly digestible nature which reported by 
Nuhu (2010). Besides, supply of rosemary to diets 
increased DM intake and subsequently nitrogen intake 
(Smeti et al., 2015), which can be related to the ability of 
terpenes compounds, presented in rosemary leaves, to 
improve the fermentative processes in the cecum, 
inhibiting protein utilization by endogenous 
microorganisms (Chiofalo et al., 2010).  
3.3  Carcass characteristics and meat composition 
Carcass characteristics and the chemical composition 
of the rabbit’s meat are shown in Tables 7 and 8, 
respectively. Slaughter weight, empty body weight, 
dressing percentage, total edible offals, non-edible offals 
and trimmings were not affected significantly (P>0.05) 
for rabbits fed experimental diets. Also, protein or fat 
contents of meat were not affected among experimental 
treatments. The present results are in close agreement 
with similar findings by many investigators (Nuhu, 2010; 
Abbas and Ahmed, 2012) who reported that the slaughter 
weight, hot carcass weight, dressed weight and dressing 
percentage were not affected by supplementing the diets 
with Moringa oleifera leaf meal in growing rabbits and 
broiler chickens, respectively. 
Moreover, Ciftci et al. (2013) stated that rosemary 
leaves have no effects on hot and cold carcass 
percentages of Japanese quail reared under heat stress 
conditions. On the contrary, El-Tazi (2014) and 
El-Badawi et al. (2014) reported that inclusion of 
moringa leaves in the diets of broilers and rabbits, 
respectively, improved hot and cold carcass weight, 
dressing percentage and lean meat yield. Also, Ghazalah 
and Ali (2008); Tollba (2010) mentioned that the addition 
of rosemary leaves to broiler diets have positive effects 
on carcass weight, carcass percentage, giblets and 
dressing percentages. 
Although the powerful effects of rosemary and 
moringa on enhancing the meat quality properties that is 
discussed by many investigators (Debersac et al., 2001; 
Yesilbag et al., 2011; Kahraman et al., 2015; Dany et al., 
2016), but these impacts did not extend to affect carcass 
characteristics or meat chemical composition. 
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R1 R2 R3 R4 
MSE Significance
Live body weight (LBW), g 2033 2092 2003 2000 268 NS 
Empty body weight (EBW), g 1850 1918 1834 1822 264 NS 
Hot carcass weight, g 1120 1158 1098 1097 180 NS 
Dressing, % 
Carcass % (LBW) 55.11 55.25 54.58 54.66 2 NS 
Carcass % (EBW) 60.56 60.28 59.68 60.08 1.8 NS 
Edible offals (giblets) weight, g 
Heart 5.76 5.13 5.72 4.45 1.14 NS 
Liver 52.45 54.13 47.97 56.91 11.11 NS 
Defatted kidneys 11.58 10.69 11.65 11.04 1.71 NS 
Spleen 1.24 1.27 1.04 1.27 0.55 NS 
Head and ears 164.3 163.3 168.3 150 23.03 NS 
Total, % 12.71 12.26 12.82 12.29 0.51 NS 
Non-edible offals, g 
Lungs and trachea 9.7 10.2 10.8 13 2.62 NS 
Empty GIT 122 116 113 119 10.8 NS 
Testicles 7.3 9.7 7.9 8.2 1.77 NS 
Total, % 7.5 7.11 7.26 7.8 0.85 NS 
Trimmings, g 
Fur 193 218 213 175 32.2 NS 
Four legs 57 53 60 51 9.3 NS 
Blood 53 68 58 53 8.8 NS 
GIT contents 183 174 169 178 11.8 NS 
Total, % 26.31 26.94 27.55 25.21 1.8 NS 
Note: MSE=Mean of standard errors, NS= non-significant. R1=control; R2= 1% 
moringa; R3= 1% rosemary; R4= 0.5% moringa + 0.5% rosemary. 
 
Table 8  Body composition (%) of slaughtered NZW rabbits in 
experimental groups (on fresh basis) 
Experimental groups 
Item 
R1 R2 R3 R4 
MSE Significance
Water content 69.39 67.98 68.83 68.69 2.42 NS 
Crude protein 22.19 21.31 21.86 22.06 1.09 NS 
Extracted fat 6.43 8.83 7.39 7.39 1.74 NS 
Ash 1.45 1.32 1.31 1.33 0.15 NS 
Note: MSE=Mean of standard errors, NS= non-significant. R1=control; R2= 1% 
moringa; R3= 1% rosemary; R4= 0.5% moringa + 0.5% rosemary. 
 
Activities of antioxidant enzymes: Results of 
hemo-lysatic catalase, glutathione peroxidase (GSH-Px), 
superoxide dismutase (SOD) and malondialdehyde 
(MDA) as affected by experimental feed supplements are 
presented in Table 9. The major three antioxidant 
enzymes were significantly increased (P<0.01), while 
MDA decreased simultaneously in animals received 
dietary supplements of moringa and rosemary leaves 
compared with the control group. The most 
improvements were noticed in R4 and R2 groups which 
received moringa supplements even in combination with 
rosemary or separately. 
 
Table 9  Antioxidant enzymes and malondialdehyde of NZW 
rabbits in experimental groups. 
Experimental groups 
Item 
R1 R2 R3 R4 
MSE Significance
Catalase 50.39b 64.57a 61.02a 60.51a 2.43 * 
Glutathione peroxidase 55.58c 94.01a 65.21b 90.11a 4.07 * 
Super-oxide dismutase 21.99c 25.82b 25.13b 28.96a 1.43 * 
Malondialdehyde 66.27a 38.79b 31.33c 29.05c 3.88 * 
Note: a, b and c: Means in the same row having different superscripts are 
significantly different. MSE=Mean of standard errors, * P≤0.01. R1=control; 
R2= 1% moringa; R3= 1% rosemary; R4= 0.5% moringa + 0.5% rosemary. 
 
The present results are in close agreement with 
similar findings by many investigators (Sutalangka et al., 
2013; Oseni and Idowu, 2014; Oparinde and Atiba, 2014) 
who reported that moringa leaves or extract of Moringa 
oleifera leaf increased GSH, GSH-Px, catalase and 
inhibition percentage of SOD but reduced MDA 
concentrations in rats. Also, Yesilbag et al. (2011); 
Ozcelik et al. (2014) reported that supplementing diets 
with rosemary leaves or rosemary oil reduced serum 
MDA levels and improved SOD and GSH-Px activity in 
heat stressed broiler or Japanese quail, respectively. 
In general, heat stress causes a negative change in 
antioxidant status of rabbits inducing oxidative stress, 
which causes an increase in MDA and the decrease of 
endogenous antioxidant enzymes as noticed in the control 
group (R1). Moreover, the significant increase in the 
three major antioxidant enzymes (catalase, GSH-Px and 
SOD) may be attributed to the high effect of polyphenols, 
vitamins C and A of moringa leaves. On the same side, 
the potent antioxidant properties of rosemary leaves have 
been mainly attributed to its major diterpenes, carnosol 
and carnosic acid, as well as to the essential oil 
components (Ngo et al., 2011). 
4  Conclusion 
From the present results, it could be concluded that 
adding moringa leaves by 1% separately or in 
combination with rosemary leaves by level 0.5% +0.5% 
of each could improve the growth performance and 
endogenous antioxidant status of growing rabbits reared 
under heat stress conditions. 
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